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[57] ABSTRACT

Known bar windings and pulled coils are made of bent bar
conductors with a constant cross section and thus insuffi-
ciently use the space available in the winding overhang. In
addition, because of the bending radii to be respected, in
particular in high-pole machines, long connection sections
are obtained in relation to the pitch value, so that weight
losses are increased. The disclosed shaped conductors are
produced without bending radii in a single piece according
to their final shape. Their cross section varies in the winding
overhangs, so that the space available is utilized to a high
extent and short connection sections are produced. Succes-
sive shaped conductors are arranged in different layers, so
that interlaced multiphase double layers are produced. The

length of a conductor lane formed by shaped conductors
connected in series is independent from the depth of the
grooves and all phase conductors of an interlaced double

layer have the same design. Enlarged connection sites acces-

sible at all times to all front faces of the winding overhangs
are obtained by shaped conductors with asymmetric ends
assembled in pairs before mounting. Motors and generators
equipped with said shaped conductors are characterized by
high efficiency and power densities.

17 Claims, 4 Drawing Sheets
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MULTIPHASE ELECTRIC MACHINE WITH
A WINDING MADE OF FLAT-SHAPED
STRUCTURAL CONDUCTOR PARTS

This is a continuation of International Application PCT/
DES4/00724, with an international filing date of Jun. 23,
1994, published as W(095/00997, Jan. 5, 1995, now aban-
doned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention concerns a multiphase electric machine
with a winding whose conductor lanes are running in
parallel layers towards the air gap and which are assembled
from conductor parts without bending radii, said conductor
lanes being partially arranged in the grooves of a soft
magnetic body and running in the winding overhangs simul-
tancously in the direction of the groove length and the
groove width, and where in said winding each conductor
lane changes the layer with cach pass through the winding
overhang and connection of two successive conductor parts
is made when changing the layer; as well as a process to
manufacture such a machine.

2. Description of the Prior Art

In multiphase electric machines, good utilization of space
in the winding overhangs by means of short lengths of
conductors and large conductor cross sections creates advan-
tageous prerequisites for the increase of power density and
efficiency.

Although it is possible to achieve a high utilization of
space in the groove arca by means of profiled conductors,
bars, and pulled coils, the available space in the winding
overhangs, however, is only insufficiently utilized for cur-
rent conduction and, because of the bending radii which
have to be considered, the connecting paths arc relatively
large, particularly if the spacing is small.

In JP-63-287338, an air core bell type winding is
described in which conductor parts are tangentially stacked
in a device. By this, the interlacing of all conductor parts of
a layer in one step is facilitated, while during said interlacing
the ends of the conductors in the two winding overhangs are
deformed in different directions. Two layers which have
been deformed in different directions are subsequently
inserted into each other in axial direction and the previously
compacted ends of the conductors are connected with each
other on the face side. Interlacing without damaging the
insulation is possible only for small conductor cross
sections, and axial insertion can be accomplished only, if no
soft magnetic teeth are present.

In DE-OS 41 11 626 Al, a bar winding is described in
which bending radii are avoided by inserting disk-shaped
connecting conductors. However, the connecting paths in
the winding overhangs are here dependent on the groove
depth. For this reason, this structural design is advantageous
only for annular radial air gap machines with shallow groove
depth.

From GB 13 29 205, conductor parts for linear machines
are known which are manufactured without bending radii by
producing the entire conductor layer in a mokd as a cast part.
A prefabricated conductor part covers numerous pole pitches
and all bars have the same distance to the air gap. Since the
conductor parts are manufactured independently and then
inserted into each other, expensive molds for prefabrication
with small tolerances are required. Further, the height of the
conductor is drastically reduced at the end of the groove

5

10

15

30

35

45

35

2

resulting in a very small critical cross section. In the winding
overhangs, conductor parts of all phases lie stacked on top
of each other resulting in large voids in that area which are
supposed to contribute to cooling.

Further, from DE-OS 41 25 044 A1, winding layers for a
disk armature are known in which the conductor cross
section in the winding overhang is decrecased axially and
increased tangentially. Al conductor lanes of a multiphase
winding layer are of a unique structural design. Therefore,
cach layer necessitates a number of conductor designs in
accordance with the number of phases which, because of the
size and complexity of the conductor parts, results in high
manufacturing costs. This structural design can not be
utilized in radial air gap machines.

This invention is, therefore, based on the objective to
advance the development of a multiphase electric machine
with overlapping conductor lanes in such a manner that short
connecting paths and good utilization of space in the wind-

ing overhangs are achieved with the least possible manu-
facturing cost.

SUMMARY OF THE INVENTION

In accordance with the invention, this objective is
achieved by the elements of claims 1 and 14. The inclined
progression of the broadened ends of the structural conduc-
tor parts allows the joint bridging of the spacing of two
connected, prefabricated structural conductor parts without
bending radii, said spacing being of preferably one pole
pitch. Conductor lanes of different phases are led past each
other within an interlaced double layer which lies parallel to
the air gap, without significantly decreasing the conductor
cross section as compared to the cross section in the grooves,
by arranging successive structural conductor parts in differ-
ent layers of this double layer. Consequently, with each pass
through the winding overhang, the progression of the con-
ductor lane changes at the joints its distance in direction to
the air gap surface of the soft magnetic body, while altes-
nating the directional change within a double layer. A
reduction of the conductor cross section is avoided by
increasing the conductor cross section in direction to the
groove width immediately at the passage from the groove
into the winding overhang, said increase being subsequently
largely compensated by the inclined progression. At the
joints also which are all located on the face side of the
winding overhang and are, therefore, accessible at any time,
a reduction of the conductor cross section for the current is
avoided by slightly elongating the end regions of the struc-
tural conductor parts in direction to the grooves. In order to
provide larger melt-on zones on the joints to be realized in
the assembly of the interlaced double layer, the structural
conductor parts are prefabricated with preferably asym-
metrical ends, the natrow ends are joined into V-shaped parts
in a separate production step prior to application of the
insulating layer, and, if necessary, are adjusted after produc-
tion.
The number of the required different structural conductor
parts is independent of the number of phases. For machines
with a plane air gap only three different structural conductor
parts are necessary which, because of their simple shape and
small outer dimensions, can be produced without bending
radii simply by, e.g. stamping or laser cutting from sheet
metal. Besides the matching structural conductor parts only
one additional structural conductor part for alternating the
layers and one structural part for current supply and deri-
vation at the beginning and the end of a conductor lane are
required.
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The structural conductor parts can also be inserted advan-
tageously into radial air gap machines. In that case, however,
for X layers (X+2) different structural conductor parts need
to be prefabricated.

The soft magnetic body is preferably separated into
segments which are subsequently inserted into the prefab-
ricated winding in the direction of the groove depth.

Other advantageous embodiments can be gathered from
the dependent claims.

The drawings present advantageous embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the three-dimensional view of a structural
conductor part with asymmetric ends for a linear motor.

FIG. 2 shows the configuration of an interlaced double
layer for a two-phase linear motor.

FIG. 3 shows a section of a conductor lane of a radial air
gap machine at the passage between two double layers.

FIG. 4 shows a section of a conductor lane of an axial air
gap machine with an alternating structural conductor part.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows a design in accordance with the invention of
a structural conductor part (1) for a linear motor in which the
rectangular cross section of the partial area in the center (2)
to (2') occupies the entire width of the groove. Both ends (4)
and (4') extend to the face side of the winding overhang, and
partial areas in the winding overhangs (from (2) to (3) or
respectively, from (2) to (3)) are running simultancously in
the direction of the groove length as well as the direction of
the groove width. At the passage from the groove to the
winding overhang (at (2) and (2)), the conductor cross
section increases in the direction of the groove wicth on both
sides by one half tooth width each. Because of the inclined
progression, the effective width of the conductor for the
current in region (2) to (3) and (2') to (3') is reduced again
to approximately the width of the groove. In order to enlarge
the contact surfaces, or the melt-on volume respectively, at
the joints to the preceding or the succeeding structural
conductor part, the partial arcas at the ends (from (3) to (4),
or respectively from (3') to (4')) are running—like the partial
arcas in the center—in the direction of the groove length.
The shown design possesses asymmetrical ends, and in said
design cach second joint (at 4) in a conductor lane consisting
of identical, serially switched structural conductor parts (1)
is enlarged and the more narrow joints (at 4') are joined prior
to assembly.

FIG. 2 shows the progression of the conductor lane in an
interlaced double layer of a two-phase linear motar with
grooved soft magnetic body (5) of which only the tecth are
visible. The conductor parts possess asymmetrical ends, and
in the shown design, layer joints of narrow ends and of wide
ends alternate in the winding overhang in the direction of
movement. This makes it possible that in joining of the
interlaced double layer a number of structural conductor
parts of a layer, said number corresponding to the number of
phases, can be inserted as a group, which simplifies assem-
bly of the winding. A two-phase double layer consists of four
conductor lanes which are individually illustrated in FIGS.
2a, 2b, 2c, and 2d4. In the viewed section, each of these
conductor lanes consists of identical V-parts (6), (7), (8), (9),
which in turn are prefabricated of two structural conductor
parts or as a single unit. Structural conductor parts (6a), (7a),
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(8a), (9a) which belong to the upper layer are hatched from
bottom left to top right, and the structural conductor parts
(6b), (7b), (85), (9b) of the lower layer are hatched from
bottom right to top left. In FIG. 2¢, the two interlaced
conductor lanes of the first phase are shown, and in FIG. 2f
the symmetrically complementing conductor lanes of the
second phase. The conductor lanes, or the V-parts
respectively, of a phase are identical. On the right side of the
page the V-parts (6) to (9) are shown individually, and
respectively, complementing each other. FIG. 2¢ shows how
all four conductor lanes together form an interlaced double
layer (10), and where the double layer possesses two plane
surfaces in the direction of the groove depth, the distance of
said double layer corresponding in each location to twice the
height of the conductor in the grooves.

Such compact windings can be easily produced for any
number of phases as well as for radial and axial air gap
machines by joining structural conductor parts of stacked
layers.

FIG. 3 shows the change of a conductor lane between two
interlaced double layers from a radial air gap machine. Here,
the two last structural conductor parts (11) and (12) of the
double layer lying radially toward the inside are shown on
the left and on the right are the four first structural conductor
parts (13) and (14) of the double layer that follows toward
the outside in radial direction. Since in a radial air gap
machine the spacing increases with an increasing radius,
cach layer possesses its own conductor design which is
further clarified by different hatching. The tangential direc-
tion of current is retained at the change between the double
layers. Each phase consists, therefore, of two conductor
lanes of which the conductor lane shown runs clockwise
toward the outside and the complementing conductor lane

runs counterclockwise toward the inside. Depending on the

desired voltage-current ratio, the two conductor lanes can be
switched in series or parallel. Particularly in low voltage
machines, the change of layers between two successive
V-parts can always occur in the same direction in which case
no interlaced double layers ensue. Instead, the entire wind-
ing is interlaced and many conductor lanes can be switched

parallel. Since the welding, or respectively the soldering

together on the face sides is executed after the assembly of

the entire winding, manufacturing expenditures are changed

only insignificantly by different switching variants.
Change of the double layer with constant direction of

rotation is possible only in rotating machines in which the

double layers occupy the entire circumference. In linear
motors and in machines consisting of sectors, change of the
double layer occurs within special alternating structural
conductor parts simultaneously with the reversal of flow of
the current in the direction of the groove width.

FIG. 4 shows a conductor 1ane of an axial air gap machine
which is divided into sectors, the alternating structural
conductor part (17) of said conductor lane connecting the
two conductor lanes of a phase within a double layer. The
two conductor lanes of a phase conductor which is shown as
a sectional cutout consists of identical V-parts (15) and (16)
which, in turn, are prefabricated from identical structural
conductor parts. One half of the alternating structural con-
ductor part (17) consists of one of these structural conductor
parts (17a) as well, while the second half (17b) possesses
ends in different layers, said ends having identical tangential
components. The height of the conductor in the central part
of the piece is twice that of the remaining structural con-
ductor parts, and, depending on the configuration of the edge
groove, the width of the conductor can be variously
executed. An alternating structural conductor part between
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two double layers possesses only at one end contact surfaces
on the outside instead of on the inside.

What is claimed is:

1. A multi-phase electric machine comprising at least one
stator and at least one moving part and having an air gap
between the stator and the moving part of said machine and
at least one winding with a face side the conductor lanes of
said winding are running in layers parallel to said air gap and
are assembled from structural conductor parts without bend-
ing radii, said conductor lanes being partially arranged in
grooves of a soft magnetic body, said grooves consisting of
a width, a height, and a depth, and said conductor lanes
running in winding overhangs simuitaneously parallel to the
groove length and to the groove width, and where in said
winding each conductor lane changes the layer with each
pass through the winding overhang and two successive said
structural conductor parts are connected when changing the
layer.

2. A multiphase electric machine as recited in claim 1
wherein the stractural conductor parts possess two parallel
surfaces which lie parallel to the air gap surface of the soft
magnetic body.

3. A multiphase electric machine as recited in claim 1
wherein the structural conductor parts have a conductor
cross section and said conductor cross section is enlarged

10

15

parallel to the groove width at the passage from the groove

to the winding overhang.

4. A multiphase electric machine as recited in claim 1
wherein the structural conductor parts at both ends extend
parallel to the groove length to the said face side of the
winding overhangs.

5. A multiphase electric machine as recited in claim 1
wherein the structural conductor parts are elongated on both
ends in direction of the groove length.

6. A muitiphase electric machine as recited in claim 1
wherein the structural conductor parts possess on both ends
different dimensions in direction to the groove lengths.

7. A multiphase electric machine as recited in claim 1
wherein the conductor lanes, except for their ends at the
layers, are assembled of identical structural conductor parts
whose lengths in the direction of the groove width corre-
sponds approximately to one pole pitch.

8. A multiphase electric machine as recited in claim 1
wherein two successive structural conductor parts form
prefabricated V-parts.

9. A multiphase electric machine as recited in claim 1
wherein two successive structural conductor parts form a
prefabricated V-part said V-part having two ends and a
center part and said ends are larger parallel to the groove
width than the center part of said V-part in which the change
of layer takes place.

10. A multiphase electric machine as recited in claim 1
wherein two conductor lanes each of each phase are running
alternately above and below cach other in successive
grooves.

11. A multiphase electric machine as recited in claim 1
wherein all interlaced conductor lanes of all phases together
form one multiphase interlaced double layer, said mul-
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tiphase interlaced double layer has a height A and the
structural conductor parts have a height B, said height A of
said multiphase interlaced double layer parallel to the
groove depth corresponding to twice the height B of the
structural conductor parts inserted into the grooves.

12. A multiphase electric machine as recited in claim 1
wherein the structural conductor parts at the ends of a double
layer possess the same outer dimensions as the remaining
structural conductor parts in their layer, however, their
contact surfaces in direction to the groove depth are
arranged on different sides.

13. A multiphase electric machine as recited in claim 1
wherein in linear machines and in machines consisting of
sectors alternating structural conductor parts are built into

the ends of a double layer, the ends of said alternating
structural conductor parts are running in direction of the
groove width on the same side.

14. A multiphase electric machine comprising at least one
stator and at least one moving part and having an air gap
between the stator and the moving part of the machine and
at least one winding whose conductor lanes consist of
prefabricated structural conductor parts which have a rect-
angular cross section and two plane surfaces opposite to
each other and which are prefabricated without bending
radii, said prefabricated structural conductor parts being
partially arranged in grooves of a soft magnetic body, said
conductor lanes running outside the soft magnetic body in
the winding overhangs and changing layers when passing
through a winding overhang and said structural conductor
parts having two ends which are located outside the soft
magnetic body and which are in contact with consecutive
conductor parts.

1S. A multiphase electric machine as recited in claim 14
wherein said multiphase electric machine has two winding
overhangs outside the soft magnetic body, said ends of
structural conductor parts which are in contact with a
consecutive conductor part are part of the surface of the
winding overhang which has the greatest distance to the soft
magnetic body and the consecutive conductor part has a
different distance to the air gap which lies between the stator
and the moving part and in which a magnetic flux flows from
the stator to the moving part of the machine.

16. A multiphase electric machine as recited in claim 14
wherein two consecutive conductor parts form V-parts
which are inserted into each other to form an interlaced
double layer, said double layers forming outside the soft
magnetic body in the direction of the groove width compact
winding overhangs.

17. A multiphase electric machine as recited in claim 14
wherein the conductor lanes of different phases form an
interlaced double layer of a radial air gap machine and at
least two such interlaced double layers constitute a multi-
layer winding and soft magnetic tooth segments are arranged
into said multilayer winding, and wherein the winding has
axially stacked contact surfaces.

* * ¥ * %
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